in the north-eastern part of Japan and to which the name of Rickettsia tamiyai was proposed by Kawamura (1954a Kawamura ( , 1954b , was tested in comparsion with those newly isolated strains. From the present results, the authors concluded that all strains including Rickettsia tamiyai were to be identified as Rickettsia orientalis, although a minor difference was observed in some strains.
MATERIALS AND METHODS
Strains: The details of isolation of strains used in this experiment were published elsewhere (Tamiya et al., 1956 (Tamiya et al., 1957 . i) Kato strain: a reference strain of tsutsugamushi disease in our laboratory , human origin (Shi shido et al., 1958) . ii) Hokkaido # 52 strain: isolated from a pool of tissues of rodents trapped in Hokkaido Island, where strains of Rickettsia tamiyai were isolated.
iii) Tochigi # 5 strain: rodent origin from Kanto District, Honshu Island. iv) Oshima # 1, # 41, # 53, # 78, # 127, # 176, and # 188 strains: rodent origin from Izu Islands where Shichito fever (winter type of scrub typhus in Japan) prevails . (Shichito fever commission, 1952) . v) Osawa strain: human origin, isolated from a case of Shichito fever . vi) Shizuoka # 5 strain, rodent origin from Tokai District, Honshu Island. vii) Mie # 37 strain: rodent origin from Kansai District, Honshu Island . viii) Kumamoto # 5 strain: rodent origin from Kyushu Island . ix) Karp strain: human origin from New Guinea (Derrick , 1949) . This strain has been maintained in our laboratory by the yolk sac passage for several years .
x) Kita # 13 strain: a strain of Rickettsia tamiyai, given by the courtesy of Dr . A. Kawamura.
Mouse titration and protection test: Mouse titration and protection test were carried out by the same manner which was described in the previous paper (Shishido et al. , 1958) . In the previous work (Shishido et al., 1958) , it was found that mice immmunized with Kato strain by subcutaneous infection acquired solid resistance to reinfection with the same strain by intraperitoneal route, and the more infective units were given for subcutaneous infection, the earlier became the resistance detectable . It was attempted to clarify whether or not this immunological resistance was common to all strains newly isolated in Japan.
At first, about 200 mice were infected with 4 .5 m. i, u. of Kato strain according to the method previously described (Shishido et al., 1958) . and 7 days later challenged with either Kato (homologous), Hokkaido # 52, Kumamoto *5 , Oshima # 1, Osawa, Mie # 7
, Tochigi *5, Karp, or Kita # 13 strain. The protection indices (P.1.) are shown in Table 1 . With the upper five heterologous strains, P. I. were singnificantly large, nearly equaling that of the Kato strain, but with Tochigi *5 , Karp and Kita # 13 little or no significant differences were observed between the LD50S of immunized and control mice (P. I. were given as 0.1, 1.8 and 1 .2, respectively). From these results, it was considered that the immunity produced in mice in such a manner might not be enough to resist against all heterologous strains in its early stage. Therefore , in the second experiment, the time of challenging was prolonged until the 14th day after initial infection. Table 2 , the P.I1 were > 6.5, 4.4, > 2.5, > 4.5, > 3.5, and > 5.0, respectively.
In the same manner, six other strains which had been isolated from rodents at Oshima Island, one of Izu Islands, namely, Oshima # 41, # 53, # 78, # 127, # 176, and # 188, were used to challenge mice immunized with Kato strain, and similar results were obtained (Table 2) . From these results there was no doubt that all strains tested in this experiment belonged to R. orientalis group, but it was suggested that the strain-specific resistance might be produced a little earlier than the common one.
Exp. 2: The Resistance of Mice Infected with Tochigi # 5
Strain to Reinfection of Other Strains Tochigi # 5 strain was found to have an immunolgical heterogeneity, to some extent, when compared with Kato strain as was shown in Exp. 1. By the cross-protection test, the immunological difference was analysed as follows.
At first, titration of rickettsiae in tissues (spleen-liver emulsion) of mice infected with this strain by the intraperitoneal and subcutaneous routes was carried out as was done with Kato strain. As shown in Fig. 1 , rickettsiae could survive in the tissues for a long period after subcutaneous infection. From this result, it was expected that mice infected with this strain by the subcutaneous route would acquire an immunological resistance to reinfection of homologous and heterologous strains which are similar in antigenecity to Kato strain.
About 100 mice were immunized with 3.0 m. i. u. of Tochigi # 5 strain, and 21 days later challenged with either Tochigi # 5 (homologous), Kato, Hokkaido *52 or Kita # 13 strain by the intraperitoneal route. The protection indices were given as > 4.0, > 6.3, > 5.8, and > 5.3, respectively (Table 3) . Although the protection indices of mice in an early stage of immunity induced by this strain were not observed in this experiment, there is no doubt that the immunity produced by Tochigi # 5 strain was proved to be common to other strains.
Exp. 3: Effect of Cortisone Treatment on the Difference of Mouse LD50
between Intraperitoneal and Subcutaneous Titrations.
As has already been described in case of Kato strain (Shishido et al ., 1958) there was an apparent difference between the titers of mouse LD50 estimated by subcutaneous and intraperitoneal infections. Similar difference were observed with Tochigi # 5 (mentioned in Exp. 2) and all other strains tested with the exceptions of Hokkaido #52 and Kita # 13. This difference could not be changed by serial mouse and/or yolk sac passages as far as tested (Table 4) . The reason why mice can survive subcutaneous infection with almost all strains of R. orientalis but not with a few strains has not been clarified as yet. One possibility that the response to subcutaneous infection with the latter two strains might be so poor as to permit animals survive infection, was considered to explain the finding. Therefore an attempt was done to test whetheer or not cortisone treatment would affect differences of mouse LD50 between intraperitoneal and subcutaneous titrations in the former group of strains, because cortisone treatment has been proved to enhance the susceptibility of animals to some rickettsiae and viruses, probably by suppressing antibody response (Whitmire and Downs, 1954; Syverton et at., 1952; Fagraeus, 1952; Syverton et al., 1954) .
A group of mice was treated with 5.0 mg of cortisone per mouse by intraperitoneal injection 6 hour before infection, and the other group with two doses of 2.5 mg per mouse (2 hours before and after infection). Mice thus treated were infected with Kato strain by intraperitoneal and subcutaneous inoculations. The titers of LD50 estimated with the treated and non-trated mice were compared with each other. As shown in Table 5 , there is no difference between them, that is, cortisone treatment of mice was not effective in changing their susceptibility (LD50) to subcutaneous nor to intraperitoneal infection. Thus the first attempt to clarify the reason why mice could survive subcutaneous infection with some strains ended in failure.
Exp. 4: Resistance of Mice Infected with Hokkaido #52 and Kita #13
Strains to Reinfeetion of Other Strains
As was illustrated in Table 4 , one group of new isolates such as Hokkaido #52 and Kita # 13 strains showed almost the same LD50 following either subcutaneous or intraperitoneal inoculation. An attempt was made to determine whether or not the rickettsiae persisted in tissues of mice in the cases of these strains.
Ten-fold dilutions of Kita # 13 strain ranging from 10-1 to 10-6 were inoculated into two groups of mice, one by subcutaneous and the other by intraperitoneal route. The LD50 by the subcutaneous route was 105.3 and that by the intraperitoneal route 106.5. No rickettsia was recovered from spleen and liver emulsions of such surviving mice in 28 days after inoculation (Fig. 2) . This character was more clearly observed when the agent (Kita * 13) was inoculated into two groups of mice by the subcutaneous and intraperitoneal routes, respectively, and titrations were made of the rickettsiae in the spleen and liver taken from mice sacrificed at daily intervals between the time of inoculation and death from infection. As is shown in Fig. 3 , the titers of rickettsiae in the tissues of mice thus infected rose gradually after inoculation, reaching a maximum up to 106-107, roughly in 6 days in the intraperitoneal group and in 9 days in the subcutaneous one. All mice eventually succumbed to infection in 10 days in the former group and in 14 days in the latter. A similar result was obtained with Hokkaido * 52.
From the foregoing, it may be concluded that all mice with rickettsiae of Kita * 13 or Hokkaido # 52 persisting in the spleen and liver succumbed to infection sooner or later whenever infected subcutaneously or intraperitoneally for immunization. Therefore, it seemed impossible to immunize mice with these strains by subcutaneous infection. Jackson et al. (1957) have succeeded in obtaining immune mice with infection by providing them with drinking water containing chloramphenicol in order to ameliorate the disease. According to the same idea, an attempt was done to obtain immune mice with these strains by combination of inoculation of living rickettsiae and antibiotic treatment.
At first, thirty-five mice were infected with 4.5 m. i, u. of Kita # 13 strain subcutaneously, and treated daily with 100 mcg of aureomycin by the intramuscular route during the second week of infection. All mice treated could survive and retained viable ricket- tsiae within their liver and spleen for at least 63 days (Fig . 4a) . A similar result was obtained with Hokkaido *52 strain (Fig 4b) .
From these observations, it was expected that mice treated with aureomycin after subcutaneous infection might acquire immunity to reinfection of homologous and heterol ogous strains in a way similar to the case of subcutaneous infection of Kato or Tochigi # 5 strain. However, a question came out whether or not aureomycin inoculated into mice for treatment would maintain residual effect on rickettsiae for a long time. If it was the case, the resistance of mice treated with aureomycin to reinfection would not explain the real immunity.
A group of mice was treated at first with aureomycin as described above, and these mice were inoculated with Hokkaido #52 strain 1 and 2 weeks thereafter.
LD50 of mice obtained from those pretreated with aureomycin had no difference from non-treated mice, that is to say, no residual effect of aureomycin was observed (Table 6 ).
From the above mentioned results, cross-protection tests between Kita # 13 and other strains, and between Hokkaido # 52 strain and others were carried out as follows.
One hundred and thirty mice were infected with 4.5 m. i. u. of Kita # 13 strain subcutaneously, 7 day later 100 mcg of aureomycin was inoculated into each of these mice daily for 7 days, and 7 days after the termination of treatment of the antibiotic challenged with either Kita # 13 (homologous), Kato, Hokkaido #52 or Tochigi #5 strain. Protection indices were given as > 5.0, > 2.8, > 3.5, > 3.7 respectively (Table 7 ). In the case of Hokkaido # 52 strain, too, an almost similar results was obtained as was shown in Table 7 . Table 6 . Residual effect of aureomycin in mice on infection of R. orientalis Table 7 . Resistance of mice immunized with Kita # 13 and Hokkaido # 52 strains to reinfection of other strains * Daily dose given , in the 2nd week after immunization. ** Challenged after 21 days of immunization .
From the foregoing, it can be said that Hokkaido # 52 and Kita # 13 strains are closely related to each other, and at the same time they have a common antigen to many other strains of R. orientalis as far as protection test is concerned.
DISCUSSION
The epidemiological status of tsutsugamushi disease or scrub typhus in Japan has remarkably changed since the end of the 2nd World War. Before 1945, the occurrence of tsutsugamushi disease in Japan was limited to the north-eastern part of Honshu Island, which we call now as classic endemic foci, but after the War the map of infected aereas of scrub typhus in Japan has been changed by many new findings. Fukuzumi (1952) , at first, reported a case of tsutsugamushi disease at Tsurumi aerea of Yokohama City, located at the south-eastern part of Honshu Island, and successively a new type of tsutsugamushi disease with entirely different epidemiological features was discovered at Izu Islands south of Tokyo by the name of Shichito fever (Shichito Fever Commission, Tokyo-to, 1952 , 1953 .
Following these discoveries., successes in isolation of rickettsiae from field rodents and suspected cases at various places were reported by many workers (Kawamura et al., 1952; Noguchi et al., 1953; Suzuki et al., 1953; Kitaoka et al., 1953) . Furthermore, in 1954, Kawamura (1954a) isolated a strain of rickettsia from rodents captured at Sapporo City in Hokkaido Island, located at the northern-most part of Japan, and by the characters of this strain different from those of many other strains of Rickettsia orientalis, he proposed to name the new strain Rickettsia tamiyai Under these circumstances, our epidemiological surveys of scrub typhus throughout Japan were started (Tamiya et al., 1955) . Isolations of rickettsiae from field rodents and suspected patients, examinations of sera of these rodents and patients by OXK agglutination and complement fixation tests have been carried out for these years (Tamiya et al., 1956 (Tamiya et al., , 1957 (Tamiya et al., , 1958 .
As was mentioned at first in this paper, there existed a difficult problem as to identification and differentiation of the agent of Rickettsia orientalis, because serological differences among several strains as revealed by complement fixation, neutralization, and cross-vaccination had been reported by many workers.
As to OXK agglutination, it is considered as a common serological response in sera off human cases infected with Rickettsia orientalis.
However, detection of OXK antibody in sera of experimental animals infected with the agent has not always given a positive result (. Blake et al., 1945) .
In this laboratory, Ishikawa (1956a Ishikawa ( , 1956b tried to prove OXK antibody in sera of mice infected or immunized with several strains of Rickettsia orientalis through combination with Freund type adjuvant. His purpose was to establish a method to identify Rickettsia orientalis through OXK antibody detection in mice in such a simple way , but he found that some strains could easily produce OXK antibody in mice when treated in his way but others did not. This means that detection of OXK antibody in animals infected with Rickettsia orientlalis can not be used as a method for final identification of the agent .
As was mentioned before, the resistance of animals infected subcutaneously with Rickettsia orientalis to reinfection of the same agent was proved to be common among many strains of this agent, and this immunological response was used for a final identification of the agent by many workers (Smadel et al., 1944; Blake et al ., 1945 ; AGAINST SCRUB TYPHUS RICKETTSIA, II 401 Kawamura et al., 1953; Jackson e t al., 1957) . In the previous paper (Shishido et al., 1958 ) the resistance of mice after subcutaneous infection of Kato strain, a reference strain of Rickettsia orientalis in Japan, was analysed and satisfactory results were obtained in protection tests. In other words, the resistance of mice immunized with subcutaneous infection against challenging of intraperitoneal infection seemed to be the best explanation of immunity of scrub typhus. Therefore, it was attempted to classify the agents isolated by cross-challenging test as Rickettsia orientalis. In this paper cross-protection tests were carried out between Kato and other newly isolated strains for identification and differentiation.
In general, all strains we tested here were proved to belong to Rickettsia orientalis by cross-protection test. However, the resistance to some strains of the mice immunized with Kato strain was produced at least several days later than that to homologous strain. As to the time difference of apperance or disapperance between specific and common antibodies among strains, Smadel (1952) observed in his volunteer experiment that the resistance of human beings infected with scrub typhus to reinfection of homologous strain lasted much longer than that to heterologous strain. Casals (1957) reported that specific antibodies appeared a little earlier than the common ones among arthropod-borne group viruses. In contrast, among the epidemic and endemic typhus group, complement fixing antibody common to both was found to be produced a little earlier than that specific to each (Berge, 1948) .
As to Rickettsia tamiyai, Kawamura et al. (1954b) differentiated this agent from Rickettsia orientalis by the following features: 1) The primary eschar could not be observed in case of infection of this agent, 2) The pathogenicity against rabbits was less pronounced, 3) Weil-Felix reaction of the human, monkey, and rabbit sera gave positive to both OXK and 0X2, 4) Cross-immunity test between Rickettsia orientalis (Ozeki strain) and Rickettsia tamiyai did not give positive result, and 5) In complement fixation test, Rickettsia tamiyai was differentiated from Ozeki and Gilliam strains of Rickettsia orientalis.
The lack of eschar and lower pathogenicity for rabbits by infection of Rickettsia tamiyai are not important features in differentiation of rickettsiae, but these characters may have some relation to the high susceptibility of mice to Kita # 13 strain (Rickettsia tamiyai) given by subcutaneous infection (Table 4 and Fig. 3) .
About the positive result of 0X2 antibody of Weil-Felix reaction in sera of human and experimental animals infected with Rickettria tamiyai, we are having a strong doubt about its reproducibility, simply because the 0X2 antigen which was used in Dr Kawamura's laboratory might be mixed or changed and was proved to react against only anti-OXK serum by our test (Shishido et at., 1957) . Furthermore we could not obtain positive result with sera of human volunteers infected with Kita # 13 strain of Rickettsia tamiyai when our own 0X2 antigen was used.
On our cross-protection test, contrary to Dr. Kawamura's result, Kita # 13 has a common antigenicity to many other strains of Rickettsia orientalis.
A similar result was also obtained in the case of Hokkaido # 52 strain, which was isolated from a pool of tissues of rodents trapped at the same area where Kita # 13 strain was isolated by Dr. Kawamura (see Materials and Methods), and was found closely related to Kita # 13 strain.
The difference of complement fixing antibody among strains of Rickettsia orientalis have already been recognized by many workers, and we also obtained (Shishido e t al., unpublished) a similar result among strains isolated in Japan. So far, we have obtained Vol. 12 some data on which to believe that strains isolated in Japan will , in future study, be divided into two or more types by complement fixation reaction .
From the foregoing there is no reason to differentiate Kita # 13 strain from many other strains of Rickettsia orientalis as a new species , namely Rickettsia tamiyai.
SUMMARY
Mice immunized with Kato strain, a reference strain of Rickettsia orientalis in Japan , were shown to acquire strong resistance to reinfection of fourteen other strains , all of which were newly isolated from field rodents , at various newly discovered endemic areas of scrub typhus in Japan with the exception of a strain isolated from a patiant of Shichito fever.
Mice immunized with Tochigi # 5 strain, one of the new isolates , were also shown to have a similar immunological response.
Mice immunized with Kita # 13 strain , a strain Rickettsia tamiyai, and Hokkaido # 52 strain , new isolate, by combination of subcutaneous infection and aureomycin treatment were shown to acquire solid resistance to reinfection of other strains .
